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SEMICONDUCTOR MODULE PACKAGE 
SUBSTRATE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to electronic com 
ponent packaging and more particularly to a substrate for a 
module package. 

2. Description of Related Art 
Ahigh density build-up laminate substrate Was commonly 

used as an interposer for a high pin-count ?ip chip integrated 
circuit package. In this ?ip chip integrated circuit package, 
the die pads of the integrated circuit chip Were bumped With 
solder bumps. The integrated circuit chip Was then placed on 
the substrate such that the solder bumps Were placed in 
contact With solderable ?ip chip bond pads of the substrate. 
The assembly Was then heated to re?oW the solder bumps 
and thus form the electrical connections betWeen the die 
pads of the die and the ?ip chip bond pads of the substrate 
in a Well-knoWn manner. 

TWo types of bond pads of the substrate Were commonly 
used. With a non-solder mask de?ned (NSMD) bond pad, 
the Wettable area of a bond pad of the substrate Was de?ned 
by the edge of the metallic trace Which formed the bond pad, 
i.e., the bond pad itself de?ned the Wettable area. HoWever, 
use of the NSMD bond pad resulted in cracking of the 
dielectric buildup layer. Consequently, the reliability and 
assembly yield of the ?ip chip integrated circuit package 
Was undesirably reduced. 

Alternatively, With a solder mask de?ned (SMD) bond 
pad, the Wettable area of a bond pad of the substrate Was 
de?ned by the solder mask, i.e., a portion of the metalliZa 
tion Which formed the bond pad Was exposed through the 
solder mask, and this portion of the metalliZation de?ned the 
Wettable area of the SMD bond pad. 

HoWever, use of the SMD bond pad as a ?ip chip SMD 
bond pad greatly reduced the collapse of the solder bump on 
the die pad of the integrated circuit chip during ?ip chip 
attachment of the integrated circuit chip to the substrate. 
Disadvantageously, this increased the probability of an open 
solder joint connection betWeen a die pad of the integrated 
circuit chip and a ?ip chip SMD bond pad of the substrate 
resulting in an undesirable assembly yield loss. To decrease 
this probability of an open solder joint connection, a con 
trolled amount of solder Was applied to the ?ip chip SMD 
bond pad of the substrate. This solder on the ?ip chip SMD 
bond pad Was commonly referred to as a solder-on-pad 

(SOP). 
FIG. 1 is a cross-sectional vieW of a ?ip chip ball grid 

array substrate 10in accordance With the prior art. Substrate 
10 included a central dielectric layer 12, an upper dielectric 
layer 14, and a loWer dielectric layer 16. Upper dielectric 
layer 14 and loWer dielectric layer 16 Were commonly 
referred to as dielectric buildup layers. 
Formed on upper dielectric layer 14 Were metalliZations 

18, sometimes called traces. An upper solder mask 20 Was 
patterned to expose portions of metalliZations 18 to form ?ip 
chip SMD bond pads. Solder-on-pads 22, i.e., solder, Were 
formed on these lip chip SMD bond pads. 

Formed on loWer dielectric layer 16 Were metalliZations 
24, sometimes called traces. A loWer solder mask 26 Was 
patterned to expose portions of metalliZations 24 to form 
ball grid array (BGA) SMD bond pads 28. BGA solder balls 
(not shoWn) Were formed on BGA SMD bond pads 28. To 
alloW BGA solder balls to be formed on BGA SMD bond 
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2 
pads 28, it Was important that BGA SMD bond pads 28 Were 
Wettable With solder. 

There Were several surface ?nishes that Were used to 
insure that BGA SMD bond pads 28 Were Wettable. Among 
these Were electrolytic Ni/Au plating, electroless Ni/Au 
plating, full body gold, and copper With a coating of organic 
solderability protectant (OSP). 
With electrolytic Ni/Au plating, it Was often difficult to 

provide bus bars required for the electroplating thus making 
electrolytic Ni/Au plating impractical for many applications. 
On the other hand, electroless Ni/Au plating resulted in the 
formation of a brittle intermetallic betWeen the BGA solder 
ball and the electroless Ni/Au plating, Which undesirably 
caused failure in the BGA solder joint. 
With full body gold, metalliZations 18, 24 Were entirely 

covered With a layer of gold. Solder masks 20, 26 Were 
formed on this layer of gold. HoWever, since solder masks 
20, 26 had poor adhesion to gold as compared to copper, 
failures due to the delamination of solder masks 20, 26 
occurred. 

For the above reasons, metalliZations 24 formed of copper 
and coated With organic solderability protectant formed the 
optimum surface ?nish for BGA SMD bond pads 28. 
HoWever, there Were inherent dif?culties in applying the 
organic solderability protectant to metalliZations 24. 

Solder-on-pads 22 Were initially formed on metalliZations 
18. A tape material 30 Was applied to cover and protect 
solder-on-pads 22. Substrate 10 Was then subjected to an 
OSP etch process as indicated by the arroWs 32. This OSP 
etch process Was necessary to remove oxidation and impu 
rities on BGA SMD bond pads 28. Tape material 30 pre 
vented the chemical etchant from attacking solder-on-pads 
22. The organic solderability protectant Was then applied to 
BGA SMD bond pads 28. 

Tape material 30 Was then removed. Undesirably, tape 
material 30 left a residue on solder-on-pads 22 Which 
increased the probability of open solder joint formation 
during ?ip chip attachment of the integrated circuit chip to 
substrate 10 and thus reduced assembly yield. Further, use of 
tape material 30 Was relatively complex, labor-intensive, 
and thus expensive. 

SUMMARY OF THE INVENTION 

In accordance With one embodiment of the present 
invention, a method of forming a substrate includes an 
organic solderability protectant (OSP) etch operation to 
prepare solder mask de?ned (SMD) bond pads on an upper 
surface and a loWer surface of a dielectric substrate layer for 
subsequent OSP application. In an OSP application 
operation, organic solderability protectant is applied to all of 
the solder mask de?ned bond pads, e.g., to ?ip chip SMD 
bond pads, to ball grid array (BGA) SMD bond pads and to 
surface mounted device SMD bond pads. 

In a solder paste application operation, solder paste is 
applied on the ?ip chip SMD bond pads. In a solder paste 
re?oW operation, the solder paste is re?oWed to form solder 
on-pads (SOPs) on the ?ip chip SMD bond pads. This re?oW 
is performed in an inert atmosphere, e.g., in an oxygen 
de?cient atmosphere, to inhibit oxidation of the organic 
solderability protectant on the remaining SMD bond pads, 
e.g., on the BGA SMD bond pads and the surface mounted 
device SMD bond pads, and also to inhibit oxidation of the 
remaining SMD bond pads themselves. 

Recall that in the prior art, the solder-on-pads Were 
formed prior to application of the organic solderability 
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protectant on the BGA SMD bond pads. The organic sol 
derability protectant had to be applied after the solder-on 
pads Were formed because otherwise the organic solderabil 
ity protectant Would have degraded during the formation of 
the solder-on-pads thus unacceptably exposing and subject 
ing to oxidation the BGA SMD bond pads. 
Disadvantageously, tape material had to be utilized to pro 
tect the solder-on-pads during the OSP etching and appli 
cation processes. HoWever, use of the tape material to 
protect the solder-on-pads Was relatively complex, labor 
intensive, and expensive. 

In stark contrast, the solder-on-pads are formed after the 
OSP etch operation and the OSP application operation in 
accordance With the present invention. Accordingly, use of 
the tape material of the prior art and the associated com 
plexity and cost to protect the solder-on-pads is avoided. 

In accordance With one embodiment of the present 
invention, during a ?ux residue removal operation, ?ux 
residue generated during the re?oW of the solder paste to 
form the solder-on-pads is removed. The ?ux residue is 
removed using Water. Advantageously, by using Water, deg 
radation of the organic solderability protectant of the 
remaining SMD bond pads, e.g., on the BGA SMD bond 
pads and the surface mounted device SMD bond pads, is 
inhibited. 

Also in accordance With the present invention, a substrate 
is presented. The substrate includes a ?ip chip bond pad and 
a ?rst bond pad coupled to a dielectric substrate layer. A ?rst 
organic solderability protectant layer is on the ?ip chip bond 
pad. Asecond organic solderability protectant layer is on the 
?rst bond pad. 

In an alternative embodiment, a substrate includes a 
dielectric substrate layer. A?rst ?ip chip solder mask de?ned 
bond pad and a ?rst solder mask de?ned bond pad are on the 
dielectric substrate layer. A ?rst organic solderability pro 
tectant layer is on the ?rst ?ip chip solder mask de?ned bond 
pad. A ?rst solder paste is on the ?rst organic solderability 
protectant layer. A second organic solderability protectant 
layer is on the ?rst solder mask de?ned bond pad. 

These and other features and advantages of the present 
invention Will be more readily apparent from the detailed 
description set forth beloW taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional vieW of a ?ip chip ball grid 
array substrate in accordance With the prior art. 

FIG. 2 is a block diagram illustrating operations in a 
process for substrate formation in accordance With the 
present invention. 

FIG. 3 is a cross-sectional vieW of a substrate during 
processing in accordance With one embodiment of the 
present invention. 

FIGS. 4, 5, 6 and 7 are cross-sectional vieWs of the 
substrate of FIG. 3 at further stages during processing in 
accordance With one embodiment of the present invention. 

FIG. 8 is a cross-sectional vieW of a module formed With 
the substrate of FIGS. 3—7 in accordance With one embodi 
ment of the present invention. 

In the folloWing description, the same or similar elements 
are labeled With the same or similar reference numbers. 

DETAILED DESCRIPTION 

In accordance With one embodiment of the present 
invention, a method of forming a substrate includes an 
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4 
organic solderability protectant (OSP) etch operation 202 
(FIGS. 2, 3) to prepare ?ip chip solder mask de?ned bond 
pads 321A, 321B, an upper solder mask de?ned bond pad 
350 and a loWer solder mask de?ned bond pad 328 for 
subsequent OSP application. In an OSP application opera 
tion 204 (FIGS. 2, 4), organic solderability protectant (OSP) 
layers 410A, 410B, 412, 414 are formed on ?ip chip solder 
mask de?ned bond pads 321A, 321B, upper solder mask 
de?ned bond pad 350 and loWer solder mask de?ned bond 
pad 328, respectively. 

In a solder paste application operation 206 (FIGS. 2, 5), 
solder pastes 522A, 522B are applied on ?ip chip SMD bond 
pads 321A, 321B, respectively. In a solder paste re?oW 
operation 208 (FIGS. 2, 5 and 6), solder pastes 522A, 522B 
are re?oWed to form solder-on-pads (SOPs) 622A, 622B on 
?ip chip SMD bond pads 321A, 321B, respectively. This 
re?oW is performed in an inert atmosphere, e.g., in an 
oxygen de?cient atmosphere, to inhibit oxidation of OSP 
layers 412, 414 and solder mask de?ned bond pads 350, 328. 

Recall that in the prior art, solder-on-pads 22 (FIG. 1) 
Were formed prior to application of organic solderability 
protectant on BGA SMD bond pads 28. The organic solder 
ability protectant had to be applied after the solder-on-pads 
22 Were formed because otherWise the organic solderability 
protectant Would have degraded during the formation of 
solder-on-pads 22 thus unacceptably exposing and subject 
ing to oxidation BGA SMD bond pads 28. 
Disadvantageously, tape material 30 had to be utiliZed to 
protect solder-on-pads 22 during the OSP etching and appli 
cation process. HoWever, use of tape material 30 to protect 
solder-on-pads 22 Was relatively complex, labor-intensive, 
and expensive. 

In stark contrast, referring again to FIGS. 2 and 6 together, 
solder-on-pads 622A, 622B are formed after OSP etch 
operation 202 and OSP application operation 204. 
Accordingly, use of a tape material of the prior art and the 
associated complexity and cost to protect solder-on-pads 
622A, 622B is avoided. 

In accordance With one embodiment of the present 
invention, during a ?ux residue removal operation 210 
(FIGS. 2, 6), ?ux residue 604 generated during solder paste 
re?oW operation 208 is removed. Flux residue 604 is 
removed using Water. Advantageously, by using Water, deg 
radation of OSP layers 412, 414 is inhibited. 
More particularly, FIG. 2 is a block diagram illustrating 

operations in a process 200 for substrate formation in 
accordance With the present invention. FIG. 3 is a cross 
sectional vieW of a substrate 300 during processing in 
accordance With one embodiment of the present invention. 

Referring noW to FIG. 3, substrate 300 includes a central, 
e.g., ?rst, dielectric layer 312, an upper, e.g., second, dielec 
tric layer 314, and a loWer, e.g., third, dielectric layer 316. 
More particularly, central dielectric layer 312 includes an 
upper, e.g., ?rst, surface 312U and a loWer, e.g., second, 
surface 312L. A loWer, e.g., ?rst, surface 314L of upper 
dielectric layer 314 is bonded to upper surface 312U of 
central dielectric layer 312. Similarly, an upper, e.g., ?rst, 
surface 316U of loWer dielectric layer 316 is bonded to 
loWer surface 312L of central dielectric layer 312. 
Formed on an upper, e.g., second, surface 314U of upper 

dielectric layer 314 is an electrically conductive upper, e.g., 
?rst, metalliZation 318 and an electrically conductive upper 
metalliZation 319, sometimes also called a ?rst metalliZa 
tion. In one embodiment, upper metalliZations 318, 319 are 
copper. 

Upper metalliZation 318 is electrically connected to an 
electrically conductive upper, e.g., ?rst, interlayer metalli 
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Zation 340 by an electrically conductive upper via 342. 
Upper via 342 extends betWeen upper surface 314U and 
loWer surface 314L of upper dielectric layer 314. Upper 
interlayer metalliZation 340 is formed on upper surface 
312U of central dielectric layer 312 and extends betWeen 
central dielectric layer 312 and upper dielectric layer 314. 

Upper interlayer metalliZation 340 is electrically con 
nected to an electrically conductive loWer, e.g., second, 
interlayer metalliZation 344 by an electrically conductive 
central via 346. Central via 346 extends betWeen upper 
surface 312U and loWer surface 312L of central dielectric 
layer 312. LoWer interlayer metalliZation 344 is formed on 
loWer surface 312L of central dielectric layer 312 and 
extends betWeen central dielectric layer 312 and loWer 
dielectric layer 316. 
Lower interlayer metalliZation 344 is electrically con 

nected to an electrically conductive loWer, e.g., second, 
metalliZation 324 by an electrically conductive loWer via 
348. LoWer via 348 extends betWeen upper surface 316U 
and loWer surface 316L of loWer dielectric layer 316. LoWer 
metalliZation 324 is formed on loWer surface 316U of loWer 
dielectric layer 316. In one embodiment, loWer metalliZation 
324 is copper. As set forth above, an electrically conductive 
pathWay betWeen upper metalliZation 318 and loWer metal 
liZation 324 is formed by upper via 342, upper interlayer 
metalliZation 340, central via 346, loWer interlayer metalli 
Zation 344, loWer via 348. In light of this disclosure, those 
of skill in the art Will understand that substrate 300 includes 
a plurality of upper metalliZations 318, 319, upper vias 342, 
upper interlayer metalliZations 340, central vias 346, loWer 
interlayer metalliZations 344, loWer vias 348 and loWer 
metalliZations 324, Which are electrically connected to one 
another in a similar fashion to that described above so are 
not discussed further to avoid detracting from the principals 
of the invention. 

Although a particular electrically conductive pathWay 
betWeen upper metalliZation 318 and loWer metalliZation 
324 is described above, in light of this disclosure, those of 
skill in the art Will recogniZe that other electrically conduc 
tive pathWays can be formed. For example, instead of having 
a single upper dielectric layer 314 and a single loWer 
dielectric layer 316, substrate 300 has multiple upper dielec 
tric layers 314 and/or multiple loWer dielectric layers 316, 
sometimes called dielectric buildup layers, and correspond 
ing electrically conductive interlayer metalliZations and 
vias. 
An upper, e.g., ?rst, solder mask 320 is formed on upper 

surface 314U of upper dielectric layer 314. Solder mask 320 
is patterned in a conventional manner to expose a portion of 
upper metalliZation 318. This exposed portion of upper 
metalliZation 318 forms a ?rst ?ip chip solder mask de?ned 
bond pad 321A. In one embodiment, the term a “?ip chip 
solder mask de?ned bond pad” as used herein is a bond pad 
Which is, or Will be subsequently, electrically and physically 
coupled to a die pad of a ?ip chip mounted integrated circuit 
chip, for example, With solder. 
At the same time, solder mask 320 is patterned to expose 

a ?rst portion of upper metalliZation 319 and a second 
portion of upper metalliZation 319. This exposed ?rst por 
tion of upper metalliZation 319 forms a second ?ip chip 
solder mask de?ned bond pad 321B on upper surface 314U 
of upper dielectric layer 314. Further, this exposed second 
portion of upper metalliZation 319 forms an upper, e.g., ?rst 
solder mask de?ned bond pad 350 on upper surface 314U of 
upper dielectric layer 314. Second ?ip chip solder mask 
de?ned bond pad 321B is electrically connected to upper 
solder mask de?ned bond pad 350. 
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6 
Although a particular electrically conductive pathWay 

betWeen ?ip chip solder mask de?ned bond pad 321B and 
upper solder mask de?ned bond pad 350 is formed by upper 
metalliZation 319, in light of this disclosure, those of skill in 
the art Will recogniZe that other electrically conductive 
pathWays can be formed. 

Similarly, a loWer, e.g., second, solder mask 326 is formed 
on loWer surface 316L of loWer dielectric layer 316. Solder 
mask 326 is patterned in a conventional manner to expose a 
portion of loWer metalliZation 324. This exposed portion of 
loWer metalliZation 324 forms a loWer, e.g., second, solder 
mask de?ned bond pad 328 on loWer surface 316L of loWer 
dielectric layer 316. First ?ip chip solder mask de?ned bond 
pad 321A is electrically connected to loWer solder mask 
de?ned bond pad 328 as described above. 

Collectively, central dielectric layer 312, upper dielectric 
layer 314, and loWer dielectric layer 316 form a dielectric 
substrate layer 317. Upper surface 314U of upper dielectric 
layer 314 de?nes an upper, e.g., ?rst, surface of dielectric 
substrate layer 317. For clarity of discussion, dielectric 
substrate layer 317 is hereinafter described as having an 
upper surface 314U. Similarly, loWer surface 316L of loWer 
dielectric layer 316 de?nes a loWer, e.g., second, surface of 
dielectric substrate layer 317. For clarity of discussion, 
dielectric substrate layer 317 is hereinafter described as 
having a loWer surface 316L. 

It is understood that a plurality of ?ip chip solder mask 
de?ned bond pads including ?ip chip solder mask de?ned 
bond pads 321A, 321B and a plurality of upper solder mask 
de?ned bond pads including upper solder mask de?ned bond 
pad 350 are on upper surface 314U of dielectric substrate 
layer 317. Further, is understood that a plurality of loWer 
solder mask de?ned bond pads including loWer solder mask 
de?ned bond pad 328 are on loWer surface 316L of dielectric 
substrate layer 317. 

Referring noW to FIGS. 2 and 3 together, in an organic 
solderability protectant (OSP) etch operation 202, substrate 
300 is subjected to a chemical etch process represented by 
arroWs 352 to prepare SMD bond pads 321A, 321B, 350, 
328 for subsequent organic solderability protectant applica 
tion described further beloW. Illustratively, oxides, e.g., 
copper oxide, and/or impurities and/or contaminants are 
removed from SMD bond pads 321A, 321B, 350, 328 during 
OSP etch operation 202. OSP etch operations are Well 
knoWn to those of skill in the art and are not discussed 
further to avoid detracting from the principals of the inven 
tion. 

FIG. 4 is a cross-sectional vieW of substrate 300 at a 
further stage during processing in accordance With this 
embodiment of the present invention. Referring noW to 
FIGS. 2 and 4 together, in an OSP application operation 204, 
organic solderability protectant is applied to SMD bond pads 
321A, 321B, 350, 328. More particularly, an OSP layer 
410A is formed directly on and contacts ?ip chip solder 
mask de?ned bond pad 321A. Similarly, an OSP layer 410B 
is formed directly on and contacts ?ip chip solder mask 
de?ned bond pad 321B. An OSP layer 412 is formed directly 
on and contacts loWer solder mask de?ned bond pad 328. An 
OSP layer 414 is formed directly on and contacts upper 
solder mask de?ned bond pad 350. OSP layers 410A, 410B, 
412, 414 are sometimes called solder Wetability layers. 

In one embodiment, solder masks 320, 326 are approxi 
mately 25 pm thick. The thickness of OSP layers 410A, 
410B, 412, 414 is less than the thickness of solder masks 
320, 326. Thus, although OSP layers 410A, 410B, 412, 414 
are illustrated as being approximately as thick as solder 
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masks 320, 326 in FIG. 4, OSP layers 410A, 410B, 412, 414 
are substantially thinner than solder masks 320, 326 in actual 
application. 

In one embodiment, SMD bond pads 321A, 321B, 328, 
350 are copper, e.g., pure copper or copper containing. OSP 
layers 410A, 410B, 412, 414 are an organic coating, i.e., a 
carbon containing material, Which makes SMD bond pads 
321A, 321B, 328, 350 have a greater Wetability for solder as 
compared to standard, sometimes called untreated, copper. 
Illustratively, OSP layers 410A, 410B, 412, 414 are based on 
a substituted benZimidiZole chemistry, for example, are 
Entek Enthone 106A. 

In an alternative embodiment, OSP layers 410A, 410B, 
412, 414 are based on a benZitriaZole chemistry. HoWever, 
OSP layers 410A, 410B, 412, 414 based on a benZitriaZole 
chemistry may unacceptably degrade during subsequent 
processing described further beloW depending upon the 
particular application. 
More generally, OSP layers 410A, 410B, 412, 414 inhibit 

bond pads 321A, 321B, 328, 350, respectively, from becom 
ing oxidiZed. Since solder has a greater tendency to cover 
and adhere to, i.e., Wet, unoxidiZed copper as compared to 
oxidiZed copper, OSP layers 410A, 410B, 412, 414 insure 
that bond pads 321A, 321B, 328, 350, respectively, are 
Wettable With solder. 

FIG. 5 is a cross-sectional vieW of substrate 300 at a 
further stage during processing in accordance With this 
embodiment of the present invention. Referring noW to 
FIGS. 2 and 5 together, in a solder paste application opera 
tion 206, solder pastes 522A, 522B are applied, e.g., by a 
screen printing method, to ?ip chip solder mask de?ned 
bond pads 321A, 321B, respectively. More particularly, 
solder pastes 522A, 522B are applied directly to OSP layers 
410A, 410B, respectively. 

In one embodiment, ?ip chip solder mask de?ned bond 
pads 321A, 321B are ?ne pitched, i.e., the area of bond pads 
321A, 321B is relatively small and the spacing betWeen 
bond pads 321A, 321B is also relatively small. In accor 
dance With this embodiment, solder pastes 522A, 522B are 
formed of a solder paste having a maximum particle siZe 
Which is relatively small. Illustratively, a type 5 solder paste 
containing a Water soluble ?ux is used. In an alternative 
embodiment, bond pads 321A, 321B are ?ip chip non-solder 
mask de?ned (NSMD) bond pads. 

FIG. 6 is a cross-sectional vieW of substrate 300 at a 
further stage during processing in accordance With this 
embodiment of the present invention. Referring noW to 
FIGS. 2 and 6 together, in a solder paste re?oW operation 
208, solder pastes 522A, 522B are re?oWed, i.e., heated to 
a melt and then cooled to resolidify, to forms solder-on-pads 
622A, 622B, respectively. For example, substrate 300 is 
placed in an oven or other enclosure and heated to re?oW 
solder pastes 522A, 522B to form solder-on-pads 622A, 
622B, respectively. of importance, re?oW of solder pastes 
522A, 522B is performed in an inert atmosphere, for 
example, in a nitrogen atmosphere. More particularly, it is 
important to re?oW solder pastes 522A, 522B in an oxygen 
de?cient atmosphere, i.e., in an atmosphere having a smaller 
percentage of oxygen than ambient air, to prevent OSP 
layers 412, 414 from being consumed during this re?oW and 
to inhibit oxidation of solder mask de?ned bond pads 328, 
350. 
More particularly, by re?oWing solder pastes 522A, 522B 

in an inert atmosphere, oxidation of OSP layers 412, 414 and 
solder mask de?ned bond pads 328, 350 during re?oW of 
solder pastes 522A, 522B is minimiZed. To illustrate, the 
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8 
thickness of OSP layers 412, 414 after formation of solder 
on-pads 622A, 622B as shoWn in FIG. 6 is less than the 
thickness of OSP layers 412, 414 prior to formation of 
solder-on-pads 622A, 622B as shoWn in FIG. 5. 

Advantageously, referring noW to FIG. 6, a suf?cient 
thickness of OSP layers 412, 414 remains on loWer solder 
mask de?ned bond pad 328 and upper solder mask de?ned 
bond pad 350, respectively, after formation of solder-on 
pads 622A, 622B. More particularly, a suf?cient thickness of 
OSP layers 412, 414 remains to inhibit oxidation of loWer 
solder mask de?ned bond pad 328 and upper solder mask 
de?ned bond pad 350, respectively. 

Recall that in the prior art, solder-on-pads 22 (FIG. 1) 
Were formed prior to application of organic solderability 
protectant on BGA SMD bond pads 28. The organic solder 
ability protectant had to be applied after the solder-on-pads 
22 Were formed because otherWise the organic solderability 
protectant Would have degraded during the formation of 
solder-on-pads 22 thus unacceptably exposing and subject 
ing to oxidation GA SMD bond pads 28. Disadvantageously, 
tape material 30 had to be utiliZed to protect solder-on-pads 
22 during the OSP etching and application processes. 
HoWever, use of tape material 30 to protect solder-on-pads 
22 Was relatively complex, labor-intensive, and expensive. 

In stark contrast, referring again to FIGS. 2 and 6 together, 
solder-on-pads 622A, 622B are formed after OSP etch 
operation 202 and OSP application operation 204. 
Accordingly, use of a tape material of the prior art and the 
associated complexity and cost to protect solder-on-pads 
622A, 622B is avoided. 

Further, referring again to FIGS. 5 and 6 together, OSP 
layers 410A, 410B are consumed during formation of 
solder-on-pads 622A, 622B. Accordingly, formation of 
solder-on-pads 622A, 622B using OSP layers 410A, 410B 
alloWs solder-on-pads 622A, 622B to be formed directly on 
?ip chip solder mask de?ned bond pads 321A, 321B, 
respectively. More particularly, contact metalliZations, e.g., 
Ni/Au, betWeen solder-on-pads 622A, 622B and ?ip chip 
solder mask de?ned bond pads 321A, 321B, respectively, 
are unnecessary. HoWever, in an alternative embodiment, 
contact metalliZations are provided betWeen solder-on-pads 
622A, 622B and ?ip chip solder mask de?ned bond pads 
321A, 321B, respectively. In one embodiment, solder-on 
pads 622A, 622B are eutectic Sn/Pb solder. 

Flux residue 604 is formed on solder mask 320 and 
solder-on-pads 622A, 622B during re?oW of solder pastes 
522A, 522B, i.e., during formation of solder-on-pads 622A, 
622B. It is important to remove ?ux residue 604 to avoid 
contamination of subsequent processing, e.g., to avoid con 
tamination of ?ip chip mounting of the integrated circuit 
chip to substrate 300. Advantageously, the ?ux of solder 
pastes 522A, 522B is Water soluble alloWing ?ux residue 
604, Which correspondingly is also Water soluble, to be 
removed With Water in a ?ux residue removal operation 
Without harming OSP layers 412, 414 as described beloW. 

FIG. 7 is a cross-sectional vieW of substrate 300 at a 
further stage during processing in accordance With this 
embodiment of the present invention. Referring noW to 
FIGS. 2, 6 and 7 together, in a ?ux residue removal 
operation 210, ?ux residue 604 is removed. 

In one embodiment, ?ux residue 604 is removed by 
Washing substrate 300 With Water. Advantageously, OSP 
layers 412, 414 are substantially unaffected by Water. 
Accordingly, a sufficient thickness of OSP layers 412, 414 
remains on loWer solder mask de?ned bond pad 328 and 
upper solder mask de?ned bond pad 350, respectively, after 
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removal of ?ux residue 604. More particularly, a suf?cient 
thickness of OSP layers 412, 414 remains to inhibit oxida 
tion of loWer solder mask de?ned bond pad 328 and upper 
solder mask de?ned bond pad 350, respectively. 

In one particular embodiment, ?ux residue 604 is 20 
removed Within ?fteen minutes after re?oW of solder pastes 
522A, 522B, i.e., Within ?fteen minutes after formation of 
solder-on-pads 622A, 622B. In this manner, ?ux residue 604 
is removed before Weak organic acid residues of ?ux residue 
604 become difficult to remove. It is important to remove 
any Weak organic acid residues since these residues may 
cause subsequent reliability failures, such as leakage cur 
rents. 

In another embodiment, ?ux residue 604 is removed by 
Washing substrate 300 With a nonaqueous cleaning solvent. 
HoWever, this nonaqueous cleaning solvent may attack and 
cause unacceptable degradation of OSP layers 412, 414 
depending upon the particular application. 

Referring noW to FIGS. 2 and 7 together, optionally, in a 
?atten solder operation 212, solder-on-pads 622A, 622B are 
?attened. More particularly, solder-on-pads 622A, 622B are 
?attened to extend to a common plane 702 (indicated as a 
dashed line) generally parallel to substrate 300. In this 
manner, any bump height variations of solder-on-pads 622A, 
622B are eliminated to Within acceptable tolerances. 
HoWever, ?atten solder operation 212 is optional, and in an 
alternative embodiment, ?atten solder operation 212 is not 
performed. 

Substrate 300 is used to form a Wide variety of electronic 
packages and modules. To illustrate, in one embodiment, 
loWer solder mask de?ned bond pad 328 and/or upper solder 
mask de?ned bond pad 350 is a ball grid array solder mask 
de?ned bond pad. Alternatively, loWer solder mask de?ned 
bond pad 328 and/or upper solder mask de?ned bond pad 
350 is a surface mounted device solder mask de?ned bond 
pad. As yet other alternatives, loWer solder mask de?ned 
bond pad 328 is a ball grid array solder mask de?ned bond 
pad and upper solder mask de?ned bond pad 350 is a surface 
mounted device solder mask de?ned bond pad or vice versa. 
As a further alternative, bond pads 328, 350 are non-solder 
mask de?ned (NSMD) bond pads. 

Advantageously, upper solder mask de?ned bond pad 350 
coated With OSP layer 414 is formed on the same surface of 
substrate 300, i.e., on upper surface 314U, as ?ip chip solder 
mask de?ned bond pads 321A, 321B coated With solder 
on-pads 622A, 622B. 

Recall that in the prior art (FIG. 1), tape material 30 Was 
applied to the top surface of substrate 10 to protect solder 
on-pads 22 during application of the organic solderability 
protectant to BGA SMD bond pads 28. Necessarily, the 
organic solderability protectant Was not applied to the top 
surface of substrate 10 due to the tape material 30 unless the 
tape material 30 Was selectively patterned, Which Was 
impractical. Thus, in accordance With the present invention, 
a relatively simple and cost-effective method of forming ?ip 
chip solder mask de?ned bond pads coated With solder-on 
pads on the same surface as solder mask de?ned bond pads 
coated With organic solderability protectant is presented. 

Although one particular application of substrate 300 is 
discussed beloW and illustrated in FIG. 8, it is understood 
that substrate 300 has a Wide variety of other applications. 

FIG. 8 is a cross-sectional vieW of a module 800 formed 
With substrate 300 in accordance With one embodiment of 
the present invention. Referring noW to FIGS. 2 and 8 
together, in a ?ip chip die attach operation 214, an integrated 
circuit chip 802 is ?ip chip mounted to substrate 300. 
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Illustratively, integrated circuit chip 802 includes die pads 

804A, 804B on a front surface 802F of integrated circuit 
chip 802. Die pads 804A, 804B (or solder bumps on die pads 
804A, 804B) are aligned and placed in contact With solder 
on-pads 622A, 622B, respectively. Module 800 is heated to 
re?oW solder-on-pads 622A, 622B. After re?oW, solder-on 
pads 622A, 622B bond die pads 804A, 804B to ?ip chip 
solder mask de?ned bond pads 321A, 321B, respectively. In 
one embodiment, an under?ll material 806 is applied in a 
conventional manner. 

Referring noW to FIGS. 2, 7 and 8 together, in a solder ball 
formation operation 216, a BGA solder ball 810 and a 
surface mount solder ball 812 are formed. More particularly, 
BGA solder ball 810 is formed on solder mask de?ned bond 
pad 328, Which is a BGA solder mask de?ned bond pad in 
this embodiment. Similarly, surface mount solder ball 812 is 
formed on solder mask de?ned bond pad 350, Which is a 
surface mounted device solder mask de?ned bond pad in this 
embodiment. 

Illustratively, solder paste is applied to solder mask 
de?ned bond pads 328, 350 and, more speci?cally, to OSP 
layers 412, 414. This solder paste is re?oWed to form BGA 
solder ball 810 and surface mount solder ball 812. 
Advantageously, OSP layers 412, 414 insure that BGA 
solder ball 810 and surface mount solder ball 812 entirely 
Wet solder mask de?ned bond pads 328, 350, respectively. 
OSP layers 412, 414 are consumed during formation of BGA 
solder ball 810 and surface mount solder ball 812. 
Accordingly, BGA solder ball 810 and surface mount solder 
ball 812 are formed directly on and contact solder mask 
de?ned bond pads 328, 350, respectively. 

Advantageously, contact metalliZations, e.g., Ni/Au, 
betWeen BGA solder ball 810, surface mount solder ball 812 
and solder mask de?ned bond pads 328, 350, respectively, 
are unnecessary. HoWever, in an alternative embodiment, 
contact metalliZations are provided betWeen BGA solder ball 
810, surface mount solder ball 812 and solder mask de?ned 
bond pads 328, 350, respectively. 

In an alternative embodiment, referring noW to FIGS. 2 
and 8 together, BGA solder ball 810 and surface mount 
solder ball 812 are formed simultaneously With solder-on 
pads 622A, 622B. More particularly, solder paste is also 
applied to solder mask de?ned bond pads 328, 350 during 
solder paste application operation 206. This solder paste is 
re?oWed to form BGA solder ball 810 and surface mount 
solder ball 812 during solder paste re?oW operation 208. 

Illustratively, referring noW to FIG. 8, surface mount 
solder ball 812 is used to form an electrical connection 
betWeen a lead 814, sometimes called a contact, of a surface 
mounted electronic component and upper solder mask 
de?ned bond pad 350. BGA solder ball 810 is used to form 
an electrical connection betWeen a lead, sometimes called a 
contact, of a larger substrate such as a printed circuit mother 
board and loWer solder mask de?ned bond pad 328. 

This application is related to Scanlan et al., co-?led and 
commonly assigned US. patent application Ser. No. 09/770, 
861 entitled “SEMICONDUCTOR MODULE PACKAGE 
SUBSTRATE FABRICATION METHOD”, Which is herein 
incorporated by reference in its entirety. 
The draWings and the forgoing description gave examples 

of the present invention. The scope of the present invention, 
hoWever, is by no means limited by these speci?c examples. 
Numerous variations, Whether explicitly given in the speci 
?cation or not, such as differences in structure, dimension, 
and use of material, are possible. The scope of the invention 
is at least as broad as given by the folloWing claims. 
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What is claimed is: 
1. A substrate comprising: 
a ?ip chip bond pad coupled to a dielectric substrate layer; 
a ?rst bond pad coupled to said dielectric substrate layer; 
a ?rst organic solderability protectant layer coupled to 

said ?ip chip bond pad; and 
a second organic solderability protectant layer coupled to 

said ?rst bond pad. 
2. The substrate of claim 1 Wherein said ?rst organic 

solderability protectant layer is directly on and contacts said 
?ip chip bond pad. 

3. The substrate of claim 1 Wherein said second organic 
solderability protectant layer is directly on and contacts said 
?rst bond pad. 

4. The substrate of claim 1 Wherein said ?rst organic 
solderability protectant layer is directly on and contacts said 
?ip chip bond pad and Wherein said second organic solder 
ability protectant layer is directly on and contacts said ?rst 
bond pad. 

5. The substrate of claim 1 Wherein said dielectric sub 
strate layer comprises a ?rst surface and a second surface, 
said ?ip chip bond pad being coupled to said ?rst surface of 
said dielectric substrate layer and said ?rst bond pad being 
coupled to said second surface of said dielectric substrate 
layer. 

6. The substrate of claim 1 Wherein said dielectric sub 
strate layer comprises a ?rst surface, said ?ip chip bond pad 
and said ?rst bond pad being coupled to said ?rst surface of 
said dielectric substrate layer. 

7. The substrate of claim 1 further comprising: 
a second bond pad coupled to said dielectric substrate 

layer; and 
a third organic solderability protectant layer coupled to 

said second bond pad. 
8. The substrate of claim 7 Wherein said third organic 

solderability protectant layer is directly on and contacts said 
second bond pad. 

9. The substrate of claim 7 Wherein said dielectric sub 
strate layer comprises a ?rst surface and a second surface, 
said ?ip chip bond pad and said ?rst bond pad being coupled 
to said ?rst surface of said dielectric substrate layer and said 
second bond pad being coupled to said second surface of 
said dielectric substrate layer. 

10. The substrate of claim 1 Wherein said ?rst organic 
solderability protectant layer makes said ?ip chip bond pad 
solder Wettable. 

11. The substrate of claim 1 Wherein said second organic 
solderability protectant layer makes said ?rst bond pad 
solder Wettable. 

12. The substrate of claim 1 Wherein said ?rst organic 
solderability protectant layer makes said ?ip chip bond pad 
solder Wettable and Wherein said second organic solderabil 
ity protectant layer makes aid ?rst bond pad solder Wettable. 

13. A substrate comprising: 
a dielectric substrate layer; 
a ?rst ?ip chip bond pad coupled to said dielectric 

substrate layer; 
a ?rst organic solderability protectant layer coupled to 

said ?rst ?ip chip bond pad; 
a ?rst solder paste coupled to said ?rst organic solder 

ability protectant layer; 
a ?rst bond pad coupled to said dielectric substrate layer; 

and 

a second organic solderability protectant layer coupled to 
said ?rst bond pad. 
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14. The substrate of claim 13 Wherein said dielectric 

substrate layer comprises a ?rst surface and a second 
surface, said ?rst ?ip chip bond pad and said ?rst bond pad 
being coupled to said ?rst surface, said substrate further 
comprising: 

a second bond pad coupled to said second surface of said 
dielectric substrate layer; and 

a third organic solderability protectant layer coupled to 
said second bond pad. 

15. A substrate comprising: 
a dielectric substrate layer comprising an upper surface 

and a loWer surface; 

a ?ip chip solder mask de?ned bond pad coupled to said 
upper surface; 

a ?rst organic solderability protectant layer coupled to 
said ?ip chip solder mask de?ned bond pad; 

a surface mounted device solder mask de?ned bond pad 
coupled to said upper surface; 

a second organic solderability protectant layer coupled to 
said surface mounted device solder mask de?ned bond 

Pad; 
a ball grid array solder mask de?ned bond pad coupled to 

said loWer surface; and 
a third organic solderability protectant layer coupled to 

said ball grid array solder mask de?ned bond pad. 
16. A substrate comprising: 
a dielectric substrate layer comprising an upper surface; 
a ?ip chip solder mask de?ned bond pad coupled to said 

upper surface; 
a solder-on-pad directly on said ?ip chip solder mask 

de?ned bond pad; 
a solder mask de?ned bond pad coupled to said upper 

surface; and 
a ?rst organic solderability protectant layer coupled to 

said solder mask de?ned bond pad. 
17. A substrate comprising: 
a dielectric substrate layer comprising an upper surface 

and a loWer surface; 
a ?ip chip solder mask de?ned bond pad coupled to said 

upper surface; 
a ?rst organic solderability protectant layer coupled to 

said ?ip chip solder mask de?ned bond pad; 
a ?rst solder paste coupled to said ?rst organic solder 

ability protectant layer; 
a surface mounted device solder mask de?ned bond pad 

coupled to said upper surface; 
a second organic solderability protectant layer coupled to 

said surface mounted device solder mask de?ned bond 

Pad; 
a ball grid array solder mask de?ned bond pad coupled to 

said loWer surface; and 
a third organic solderability protectant layer coupled to 

said ball grid array solder mask de?ned bond pad. 
18. A substrate comprising: 
a means for supporting a copper ?ip chip solder mask 

de?ned bond pad and a copper solder mask de?ned 
bond pad, said copper ?ip chip solder mask de?ned 
bond pad and said copper solder mask de?ned bond pad 
being coupled to a ?rst surface of said means for 
supporting; 

a means for electrically coupling said copper ?ip chip 
solder mask de?ned bond pad to a die pad of an 
integrated circuit chip, said means for electrically cou 
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pling being directly on and in contact With said copper 
?ip chip solder mask de?ned bond pad; and 

means for solder Wetting said copper solder mask de?ned 
bond pad. 

19. The substrate of claim 18 Wherein said means for 
solder Wetting is consumable. 

20. The substrate of claim 18 Wherein said means for 
solder Wetting comprises an organic solderability layer. 

21. A substrate comprising: 
a dielectric substrate layer comprising an upper surface; 

a copper ?ip chip bond pad coupled to said upper surface; 
a ?rst solder-on-pad directly on and in contact With said 

copper ?ip chip bond pad; 
a ?rst copper bond pad coupled to said upper surface; and 
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a ?rst organic solderability protectant layer directly on 

and in contact With said ?rst copper bond pad. 
22. A substrate comprising: 
a dielectric substrate layer; 

a ?rst copper ?ip chip bond pad coupled to said dielectric 
substrate layer; 

a ?rst solder-on-pad directly on and in contact With said 
?rst copper ?ip chip bond pad; 

a ?rst copper bond pad coupled to said dielectric substrate 
layer; and 

a solder ball directly on and in contact With said ?rst 
copper bond pad. 

* * * * * 


